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ABSTRACT 

T h i s  p a p e r  p r e s e n t s  a n  a p p l i c a t i o n  of  the  MSFC/Boeing 
o p e r a t i o n s  a n a l y s i s  as a r e a d i l y  a v a i l a b l e  t o o l  f o r  e v a l u a t i n g  
t h e  e f f e c t s  on t h e  l a u n c h  v e h i c l e  of a pad h o l d  spann ing  two 
l u n a r  l a u n c h  windows. Thus,  s u b s t a n t i a l  i n f o r m a t i o n  can  be  
a v a i l a b l e  to t h e  Apol lo  program management f o r  u s e  upon which 
t o  base a d e c i s i o n  s h o u l d  t h e  d e s i r a b i l i t y  f o r  implement ing  an  
e x t e n d e d  h o l d  c a p a b i l i t y  i n c r e a s e .  

A b r i e f  summary of t h e  d i s c u s s i o n  i s  as f o l l o w s :  

a .  A q u e s t i o n  as t o  whe the r  a pad h o l d  spann ing  two 
l u n a r  l a u n c h  windows c o u l d  be used  (as a n  a l t e r n a t e  t o  r e c y c l i n g )  
was b rough t  up by Dr. von Braun a t  t h e  Management Counc i l  Review 
i n  November, 1 9 6 6 .  A subsequen t  r e p o r t  s ta ted  a h o l d  c a p a b i l i t y  
o v e r  1 2  hour s  i s  n o t  c u r r e n t l y  p o s s i b l e  due t o  i n s u f f i c i e n t  cryo-  
g e n i c  s t o r a g e  f a c i l i t i e s  for LOX,  LH2 and LN2. 

e x t e n d e d  pad hold c a p a b i l i t y  may become more a t t r a c t i v e  t o  
a l l e v i a t e  o p e r a t i o n a l  c o n s t r a i n t s .  Should  t h i s  o c c u r ,  Apollo 
program management may want t o  r e - e v a l u a t e  whether such  a 
c a p a b i l i t y  shou ld  be  implemented. 

b .  A s  p l a n n i n g  for t h e  f i r s t  l u n a r  m i s s i o n  d e v e l o p s ,  an 

c .  The Boeing o p e r a t i o n s  a n a l y s i s - - f o r  MSFC--uti l izes a 
la rge  computer  s i m u l a t i o n  mode l  t o  a n a l y z e  a s sembly ,  checkout  
and  l a u n c h  o p e r a t i o n s  of  t h e  l a u n c h  v e h i c l e .  A n a l y s i s  shows 
t h a t a  b u i l t - i n  h o l d ( u p  to two h o u r s )  a f t e r  comple t ion  of l a u n c h  
v e h i c l e  c r y o g e n i c s  l o a d i n g r e d q c e s  l a u n c h  a v a i l a b i l i t y .  I n  
regard t o  ( b )  above ,  t h e  e f f e c t s  of  a 2 4  hour  ex tended  pad h o l d  
would be s imilar  t o  t h o s e  encoun te red  i n ,  s a y ,  a b u i l t - i n  h o l d  
o f  t h e  same d u r a t i o n .  Hence, t h e  Boeing model i s  a r e a d i l y  
a v a i l a b l e  t o o l  f o r  e v a l u a t i n g  a n  ex tended  pad h o l d  f o r  l u n a r  
m i s s i o n  o p e r a t i o n s .  
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1. I N T R O D U C T I O N  

R e c e n t l y ,  Apo l lo /Sa tu rn  V m i s s i o n  o p e r a t i o n s  p l a n n i n g  
f o r  t h e  f i r s t  l u n a r  m i s s i o n  h a s  deve loped  t o  i n c l u d e  t h e  l a u n c h  
o p p o r t u n i t y  c h a r a c t e r i s t i c s  and r e c y c l e  r e q u i r e m e n t s .  

A t  t h e  Management Counc i l  Review i n  November, 1 9 6 6 ,  a 
comment by Dr. von Braun concerned  t h e  f e a s i b i l i t y  o f  u t i l i z i n g  
an e x t e n d e d  pad h o l d  between two l a u n c h  windows ( 2 4  h o u r s )  as 
an a l t e r n a t e  t o  r e c y c l i n g  t h e  s p a c e  v e h i c l e  which r e q u i r e s  a t  
l e a s t  4 4  h o u r s  ( f o r  a s c r u b  o c c u r r i n g  a f t e r  l a u n c h  v e h i c l e  c ryo-  
g e n i c s  l o a d i n g ) .  An a c t i o n  i t e m  was s u b s e q u e n t l y  g e n e r a t e d  f o r  
t h e  c e n t e r s  t o  r ev iew t h e  s y s t e m ' s  c a p a b i l i t y  t o  s u p p o r t  a pad 
h o l d  s p a n n i n g  two l aunch  windows. The r e p o r t  t o  t h e  Management 
C o u n c i l  Review i n  J a n u a r y ,  1967, s t a t e d  t ha t  a h o l d  c a p a b i l i t y  
o v e r  1 2  h o u r s  i s  n o t  c u r r e n t l y  p o s s i b l e  due t o  i n s u f f i c i e n t  
c r y o g e n i c  s t o r a g e  f a c i l i t i e s  for L O X ,  LH2 and LN2.*  
a d d i t i o n  t o  a n  i n a b i l i t y  t o  r e p l e n i s h  consumables  aboa rd  t h e  
s p a c e c r a f t  w h i l e  t h e  MSS i s  away from t h e  pad .  The i m p r e s s i o n  
was l e f t ,  however,  t h a t  no major  s p a c e  v e h i c l e  problems e x i s t e d  
( o t h e r  t h a n  r e p l e n i s h i n g  consumables)  w h i z h  c o n s t r a i n e d  an  
e x t e n d e d  h o l d  c a p a b i l i t y .  This  has  n o t  d e f i n i t e l y  been es tab-  
l i s h e d ,  and i t  i s  p o s s i b l e  t h a t  i n  t h e  n e a r  f u t u r e  t h e  Apol lo  
program management may want t o  r e - e v a l u a t e  whe the r  a n  ex tended  
h o l d  c a p a b i l i t y  shou ld  b e  implemented. 

T h i s  i s  i n  

The pu rpose  of  t h i s  memorandum i s  t o  (1) b r i e f l y  
examine t h e  q u e s t i o n  o f  a n  ex tended  h o l d ,  ( 2 )  e x p l a i n  t h e  
p o t e n t i a l  r o l e  o f  t h e  MSFC/Boeing o p e r a t i o n s  a n a l y s i s ,  and 
( 3 )  show i t s  a p p l i c a b i l i t y  t o  examine t h e  c o n s t r a i n t s  a s s o c i a t e d  
w i t h  implement ing  an  ex tended  h o l d  ( f o r  t h e  l a u n c h  v e h i c l e ) .  

I n  c o n j u n c t i o n  w i t h  ( 3 )  above ,  t h e  a u t h o r  has a l r e a d y  
s u g g e s t e d  such  a s t e p  t o  MSFC which was f a v o r a b l y  r e c e i v e d .  
M r .  L .  S i n k o ,  R-P&VE-VOR, a t  MSFC, s t a t e s  t h a t  Boeing i s  now 

*"System Hold and Recycle C a p a b i l i t y  f o r  t h e  F i r s t  Lunar  
Landing  Miss ion  - P a r t  11," Case 310,  Bellcomm Memorandum F o r  
F i l e  (Draf t )  d a t e d  F e b r u a r y ,  1967, b y  R .  L .  Wagner. 
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s t a r t i n g - - o n  a l i m i t e d  sca l e - - to  examine e x t e n d e d  pad h o l d s  
w i t h  t h e  s i m u l a t i o n  model t h e y  have deve loped  as p a r t  o f  t h e i r  
o p e r a t i o n s  a n a l y s i s .  

2. DESIRABILITY OF AN EXTENDED HOLD CAPABILITY 

It i s  n o t  t h e  purpose  o f  t h i s  p a p e r  t o  a d v o c a t e  
development o f  an  ex tended  p a d  ho ld  c a p a b i l i t y  a t  LC-39. From 
t h e  s t a n d p o i n t  of  f l i g h t  crew tu rn -a round ,  t h e  d e s i r a b i l i t y  of 
u t i l i z i n g  an  ex tended  h o l d  between two l u n a r  l a u n c h  windows i s  
h i g h l y  q u e s t i o n a b l e .  There  a r e ,  however,  a number of  p o i n t s  
c o n c e r n i n g  t h e  f i r s t  l u n a r  m i s s i o n  which may r e q u i r e  a re- 
e v a l u a t i o n  o f  whether  t o  implement such  a c a p a b i l i t y  f o r  t h e  
p u r p o s e  of i n c r e a s e d  f l e x i b i l i t y .  Two c o n s i d e r a t i o n s  i n  t h i s  
r e s p e c t  a r e :  

a .  A n a l y s i s  o f  c u r r e n t  l u n a r  o r b i t e r  data  i n d i c a t e s  
l a n d i n g  s i t e s  may not  be  e q u i t a b l y  spread  a c r o s s  
t h e  Apol lo  Block on t h e  l u n a r  s u r f a c e .  Hence, 
m i s s i o n  p l a n n i n g  may n o t  a l w a y s  be a b l e  t o  choose  
from among a combina t ion  o f  l a u n c h  d a y s  w i t h i n  
t h e  l a u n c h  o p p o r t u n i t y  t o  b e s t  accommodate 
l a u n c h  o p e r a t i o n s .  

b .  The space  v e h i c l e  i s  c u r r e n t l y  l i m i t e d  t o  a 
l u n a r  m i s s i o n  l a u n c h  d u r i n g  one o f  two s u c c e s s i v e  
monthly l a u n c h  o p p o r t u n i t i e s  (once  h y p e r g o l i c  
p r o p e l l a n t s  are l o a d e d ) .  Should  t h e  f i r s t  l a u n c h  
o p p o r t u n i t y  be missed due  t o  some m a l f u n c t i o n ,  
i t  may become d e s i r a b l e  t o  p l a n  f o r  more t h a n  
t h r e e  a c t u a l  l a u n c h  a t t e m p t s  t h e  second month. 
I n  r e g a r d  t o  ( a )  above, some of  t h e  a v a i l a b l e  
s i t e s  f o r  t h i s  p l a n n i n g  may l i e  t o o  n e a r  one 
a n o t h e r  t o  accommodate a r e c y c l e  o p e r a t i o n .  Hence, 
a n  ex tended  ho ld  c a p a b i l i t y  would become more 
a t t r a c t i v e .  

3 .  POTENTIAL ROLE OF THE MSFC/BOEING OPERATIONS ANALYSIS 

a .  G e n e r a l  

I n  t h e  l a t t e r  p a r t  of 1965 ,  Boeing--under c o n t r a c t  t o  
MSFC--began a n  o p e r a t i o n s  a n a l y s i s  on t h e  l a u n c h  v e h i c l e  and  
MSFC s u p p l i e d  GSE. I n  t h i s ,  Boeing u t i l i z e s  a l a r g e  computer 
s i m u l a t i o n  model t o  a n a l y z e  assembly,  checkout  and l a u n c h  opera-  
t i o n s  of t h e  l a u n c h  v e h i c l e .  ( A  d e s c r i p t i o n  of  t h e  Boeing model 
i s  i n c l u d e d  as Appendix A . )  A major  o u t p u t  o f  t h e  Boeing model 
i s  termed "Launch V e h i c l e  A v a i l a b i l i t y "  ( L V A ) ,  e . g . ,  p r o b a b i l i t y  
o f  l a u n c h  d u r i n g  a l u n a r  window. O t h e r  o u t p u t s  i d e n t i f y  m a j o r  
f a c t o r s  c o n t r i b u t i n g  t o  " n o n - a v a i l a b i l i t y  . I '  T h i s  has been a 
c o n t i n u i n g  e f f o r t  which MSFC has u t i l i z e d  t o  f l a g  t h o s e  areas 
o f  g rea tes t  u n r e l i a b i l i t y  i n  t h e  l a u n c h  v e h i c l e  (and  MSFC-GSE) 
f o r  c o r r e c t i v e  a c t i o n .  
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b .  A p p l i c a t i o n  t o  Q u e s t i o n  o f  Extended Hold 

I n  a p r e v i o u s  memorandum,* t h e  a u t h o r  proposed  a 
b u i l t - i n  h o l d  be added t o  t h e  countdown for a l u n a r  m i s s i o n  t o  
improve o p e r a t i o n a l  f l e x i b i l i t y .  I n  r e s p o n s e  t o  t h i s ,  Boeing 
examined--through t h e i r  model--the e f f e c t s  o f  a b u i l t - i n  h o l d  
on l a u n c h  v e h i c l e  a v a i l a b i l i t y .  S u r p r i s i n g l y ,  t h e y  found t h a t  
w i t h  c r y o g e n c i s  on b o a r d ,  t h e  mean t i m e  t o  r e p a i r  i s  s o  l o n g  
t h a t  t h e  e f f e c t  o f  a programmed h o l d  i s  n o t  advan tageous .  

A s  shown i n  F i g u r e  I ,  which i s  i n c l u d e d  from a n  MSFC 
Q u a r t e r l y  Review,** a programmed h o l d  a f t e r  c o m p l e t i o n  o f  l a u n c h  
v e h i c l e  c r y o g e n i c s  l o a d i n g  r e d u c e s  t h e  l a u n c h  a v a i l a b i l i t y .  
Note a l s o ,  t h e  a v a i l a b i l i t y  i s  f u r t h e r  r educed  as t h e  l e n g t h  
o f  t h e  b u i l t - i n  h o l d  i s  i n c r e a s e d .  The small p e r c e n t a g e -  
d e c r e a s e  i n  l a u n c h  v e h i c l e  a v a i l a b i l i t y  f o r  a two hour  b u i l t -  
i n  h o l d  i s  un impor t an t  here .  The main p o i n t  i s  t h a t  t h e  e f f e c t s  
o f  a 24-hour ex tended  h o l d  would be  v e r y  s imi l a r  t o  t h o s e  
e n c o u n t e r e d  i n ,  s a y ,  a b u i l t - i n  h o l d  o f  t h e  same d u r a t i o n .  
Hence, t h e  Boeing model i s  a r e a d i l y  a v a i l a b l e  t o o l  for e v a l u -  
a t i n g  e x t e n d e d  pad h o l d  c a p a b i l i t y  f o r  l u n a r  m i s s i o n  o p e r a t i o n s .  
Al though t h e  p e r c e n t a g e  d e c r e a s e  I n  l a u n c h  v e h i c l e  a v a i l a b i l i t y  
may become s i g n i f i c a n t  f o r  a long  h o l d ,  t h e  main advan tage  t o  
b e  g a i n e d  from t h e  Boeing model i s  t h e  q u i c k  i d e n t i f i c a t i o n  o f  
m a j o r  f a c t o r s  c o n t r i b u t i n g  t o  n o n - a v a i l a b i l i t y .  Thus,  more 
s u b s t a n t i a l  i n f o r m a t i o n  can  be a v a i l a b l e  upon which t o  base a 
d e c i s i o n  s h o u l d  t h e  d e s i r a b i l i t y  o f  an  ex tended  pad h o l d  i n c r e a s e .  

I n  p r o p o s i n g  t h e  Boeing o p e r a t i o n  a n a l y s i s  b e  used  t o  
s t u d y  t h e  q u e s t i o n  o f  an  ex tended  h o l d ,  i t  must b e  p o i n t e d  o u t  
t h e  a n a l y s i s  i s  l a u n c h  v e h i c l e  o r i e n t e d  and i m p a c t s  f rom t h e  
s p a c e c r a f t  and KSC-GSE would have t o  be  c a r e f u l l y  e v a l u a t e d .  
U n f o r t u n a t e l y ,  a similar a n a l y s i s  on t h e  s p a c e c r a f t  d o e s  n o t  
e x i s t .  However, it would be p o s s i b l e  t o  f a c t o r  i n  data  on K S C -  
GSE and  even  weather c o n d i t i o n s  i f  s o  d e s i r e d .  

2032-CHE-gmp 
At t achmen t s  

F i g u r e  1 
Appendix A 

*"Proposed Improvement i n  Countdown F l e x i b i l i t y  f o r  t h e  
A p o l l o / S a t u r n  V Lunar  Landing Mission, ' '  
Memorandum For  F i l e  d a t e d  September 3 0 ,  1965 ,  b y  C .  H .  E l e y  111. 

**"Saturn  V Q u a r t e r l y  T e c h n i c a l  P r o j e c t  Review - Systems 
E n g i n e e r i n g  & I n t e g r a t i o n  Program f o r  t h e  T h i r d  Q u a r t e r  - 
F i s c a l  Year 1966 , "  MSFC, dated A p r i l  2 6 ,  1 9 6 6 .  

Ca'se 1 4 0 ,  Bellcomm 
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IMPLEMENTATION OF ADVANCED SIMULATION TECHNIQUES FOR 
PREDICTING THE SATURN V LAUNCH VEHICLE SYSTEM DEHATTOR 

J. E .  Snyder, Saturn V Operations Analysis Supervisor; E. €3. R e n x i d i ,  Launch 
Sequence Optimization Supervisor; and Y. H. Lindsey, Systems Simiilation Supervisor , 
The Boeing Company, Huntsville, Alabama. 

ABSTRACT INTRODUCTION 

The application of a largedigital computer simula- 
tion model in  analyzing the assembly, checkout, and 
launch of the Saturn V Launch Vehicle is described in  
this article. The objective of the analysis is to develop 
a detailed understanding of the behavior of the Saturn V 
System in the prelaunch phase, to evaluate the system's 
cffectiveness, and to  formulate recommendations for 
system improvement. The simulation model contains 
over 300 major events, divided into over 20.000 sub- 
events, each of which must be accomplished to prepare 
the Saturn V for launch. 

7 he model was designed using several computer 
languages (Fortran, Cobol and GPSS) and is used to 
identify potential problems which are analyzed to  
determine what elements of the system require improve- 
ment. Proposed changes are then programmed into 
the niodel to  measure the effect of changed parameters 
such as equipment reliability, equipment maintain- 
d211 ity , operational and maintenance concepts, and 
sequence changes. These are further evaluated with 
constraints such as  cost and safety to determine the 
feasibility of the proposed changes. Specific recom- 
mendations are documented in trade studies and for- 
\\ a tdcd to the customer for an implementation decision. 
A hiRh degree of success has been achieved. 

Teams from the George C. Marshall Space Flight 
Center (MSFC) and industrial contractors a r e  devel- 
oping the free  world's largest booster for launching 
a payload into space - the Saturn V Launch Vehicle 
(Fig 1). It is  being developed initially for Project 
Apollo, America's manned lunar landing program. The 
Saturn V will lift a three-man Apollo Spacecraft from 
Launch Complex 39, Kennedy Spare Center (KSC), 
Merritt Island, Fla., into an earth parking orbit, then 
inject it into a lunar transfer trajectory (Fig 2). After 
injection, the Sakurn V mission ends and the Apollo 
Spacecraft accomplishes the remainder of the mission. 
This consists of lunar orbit, Lunar Excursion Model 
(LEM) separation and descent with two men to the sur-  
face of the moon, LEM ascent to orbit, rendezvous, 
crew transfer back to Apollo capsule and return to 
earth. 

In support of the MSFC role in  this program, an 
operations analysis is being conducted to perfect the 
Saturn V System in the prelaunch phase. This paper 
provides a description of the analysis, with emphasis 
on detailed simulation of the performance of the Saturn V 
System during the assembly, checkout and launch activ- 
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ities. This report contains a statement of the problem, 
objective of the analysis, general approach taken in the 
analysis, description of the simulation model, (including 
inputs and outputs), and summary of the results achieved 
to date. 

PROBLEM 

The constraints of allowable launch azimuth, required 
ear th  orbit inclination, daylight at the lunar landing 
area ,  and daylight in the primary recovery area dictate 
a lunar launch opportunity consisting of an average of a 
single four-hour launch window on each of three con- 
secutive days once in  each lunar month (Fig 3). A 
requirement to update the spacecraft navigation pro-, 
gram at  discrete intervals may impose a further 
restriction. Additional constraints imposed by the 
handling of cryogenic propellants prevent a hold from 
one day to the next. A launch scrubbed after cryogenics 
are loaded f o r  an attempt on the first day of a launch 
opportunity must be delayed at  least until the third day 
of the launch opportunity. There are over 500 major 
events, subdivided into 20,000 subevents at KSC to 
prepare the Saturn V for launch. Completion of all 
events f o r  successful launch in LOR launch window is 
far more difficult than any previous launch in the space 
program. 

OBJECTIVE 

In order  to increase the probability of success, analyt- 
ical studies are being conducted to  predict the effective- 
ness  of the Saturn V in the prelaunch period, to identify 
the major contributors to non-success, and to develop 
courses of action to reduce to a minimum the impact of 
the nonsuccess contributors. The meaaure of system 
effectiveness selected f o r  this purpose is Launch 
Vehicle Availability (LVA) which is defined as the 
probability of the launch vehicle being ready to accom- 
plish its mission during the assigned lunar launch 
window. Potential system improvements are evaluated 
to establish their impact on LVA. Recommendations 
are formulated to achieve the maximum increase in 
system effectiveness with a minimum commitment of 
additional resources. Implementation of the recom- 
mendations from this work results in  increasing system 
effectiveness within the allowable constraints of schedule 
and cost. A secondary objective is cost and time saving 
by elimination of redundant testing and improvement of 
the testing sequence. 

APPROACH 

The approach adopted to  satisfy these objectives is 
illustrated in  Fig 4. This effort is in two distinct 
phases baseline definition and systems optimization. 

SATURN I APOLLO MISS ION 

Figure 2 
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' l 'hc* Ixiscline definition nrca i s  composed of operations, 
i x * l  ial)il i ty  , and maintenancc analyscs. 
ol)L>r:it ions concept, the maintcnance concept, and 
laun~~l i  \chicle definition a s  fixed paranietcrs. 
tional requirements for processing the vchiclc that 
must 1 ~ ~ s  satisfied by the ground support system are  
identified. 
:inti Actility Sheets) develops requirements from those 
sc,hcduled activities which a r e  necessary to process the 
vchclc  through assembly, checkout, and launch. The 
maintenance analysis develops requirements from the 
acti\itics necessary to correct unschcdulrd faults 
occurring during the processing of the vehicle through 
the operations activities. These analyses define techni- 
cal requirements and criteria \vhich provide the basis 
for  design specifications for tiround Support Equipment 
(CSE). These GSE technical requirements, together 
\\.it11 thc ,  launch vehicle definition, and functional 
requirements for  processing the vehicle, provide the 
I)a>is for the time line analysis which organizes and 
(,onstrains the parallel - ser ies  relationships of the 
processing activities. 

It accepts the 

Func- 

The operations analysis (F1:nctional Flo~v 

The time line analysis provides the basic logic for 
simulating the assembly, test, and checkout of the 
Saturn V System. This effort, along with trade studies, 

comprises the second portion of the systems engineering 
effort. Systems optimization efforts are designed to 
integrate the operations and maintenance analysis into 
a dynamic system model to explore the interactions of 
the various luranietcrs identified in the baseline data. 
Evaluations :ire inad<- to identify problem areas ,  and 
trade studies a re  performed to choose the best alternate 
solutions. 
appropriate recommendations for equipment, procedure, 
o r  concept changes a r e  made to increase the Saturn V 
System's effectiveness. The heart of the systcm 
optimization effort i s  a digital computer model that 
brings the system to life by simulating each event in 
vehicle processing, allowing equipment failures to occur 
as predicted 1)s the reliability analysis, and repair as  
defined by the maintcnance analysis. 

Based on thesc evaluations and studies, 

MODEL DESCRIPTION 

General 

The Model consists of a data bank and a logic section 
(Fig 5). The data bank stores all input data and per- 
forms calculations which a re  independent of the sequen- 
tial logic. The logic section contains the sequential logic 
(sequence of events, constraints between events, etc. ) 
and the program for compiling results. 
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TIME BAR (TYPICAL) 

The model has been designed using the Boeing 
Modeling Technique (BMT). Since no existing technique 
was adequate to handle the problem, BhlT was developed 
to provide a more powerful simulation language. The 
technique employs and takes advantage of three basic 
computer languages, General Purpose System Simu- 
la tor  (GPSS), Fortran, and COBOL, allowing engineers 
with a knowledge of the system to design the model 
without having formal training in programming. Fortran 
is used to perform basic calculations efficiently and 
Cobol offers the advantage of compiling data into com- 
prehensive reports. 

A major output of the model is launch vehicle avail- 
ability. It is produced by simulating a series of launch 
attempts. Each attempt results in  either a success 
(the launch vehicle is ready during the scheduled lunar 
window) o r  a failure. The ratio of success to attempts 
over a la rge  number of trials is termed the Launch 
Vehicle Availability (LVA). The other outputs a re  used 
to identify the major factors contributing to non- 
availability. These include ranking of equipment and 
events by failure contribution, by schedule delay, and 
various sensitivity analysis. 

Inputs 

Inputs to the model can be classified as operations 
data, reliability data, and maintenance data. 

The primary operations data consists of an identi- 
fication of all events (assembly steps, transportation 
functions, and major tests) that must take place in the 
vehicle processings Figure 6. The data also includes 
normal sequence and duration of these events, and 
the constraints on s tar t ,  finish, o r  conduct of each 
event. This information is the basic sequential logic 
for simulation. Associated information is an identi- 
fication of each equipment component that must oper- 
ate during any portion of the event and the length of 
time that it operates during the normal completion of 
the event. These inputs a r e  developed from a detailed 
time line analysis of the entire sequence. The system 
hardware has been classified into 1100 vehicle com- 
ponents and 400 ground support equipment components. 

The failure characteristics for each equipment com- 
ponent are provided from the reliability analysis. The 
approach taken is to assign a generic failure rate for 
each piece of equipment and adjust it  for the varied 
operating conditions in different events by use of an 
event oriented environmental adjustment factor matrix. 
The intent of this matrix is to show that a single item of 
equipment operates in a normal ambient environment 
in OM event, at cryogenic temperatures during a second 

Figure 6 

event, and in a high intensity acoustic environment in a 
third event, and consequently, substantially different 
failure rates in each case. 

Maintenance data is  provided from the maintenance 
analysis and consists of the repair and restore charac- 
teristics of the system. At each point in the operations 
sequence where there is an inspect, monitor, or verify 
subevent, the maintenance analysis assumes a failure 
or no-go condition, and develops the logic for fault iso- 
lation, access, remove and replace (or repair  in place), 
verify, res tore  system, and retest as necessary. The 
estimated time to repair each component in each event 
is input directly to the model, with an identification of 
any previous events that must be repeated because of the 
equipment failure and repair .  

A useful feature of the input procedure is that the 
appropriate model outputs are provided directly to the 
engineers performing the operation, reliability, and 
maintenance analyses, and they use these printouts as 
working documents in support of their other responsi- 
bilities. This input data is compiled in the event list, 
(Fig. 7). To input additional data or correct existing 
data, the engineer fills out a computer input sheet that 
goes directly to keypunch without interpretation or 
screening by an operations research man o r  computer 
programmer. This approach is highly successful be- 
cause it places the full responsibility for data quantity 
and quality directly on the working engineer, and simpli- 
fies his  problem of correcting any e r r o r s  that occur. 

A data element i s  defined as a useful item of infor- 
mation, such as an equipment name, an operating time, 
or  a repair  time. The Data Bank contains approximately 
500,000 data elements which a continually being revised 
and upgraded as better information becomes available. 
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For instance, a significant portion of the reliability 
analysis consists of screening all failure reports and 
operating logs from the major test sites to re-evaluate 
predicted failure ra tes  on the basis of actual field experi- 
ence. The current revision rate i s  approximately 100,000 
data elements monthly. This approach to data collection 
allows preliminary estimates during the ear l ier  phases 
of the program where ballpark type resul ts  a r e  adequate, 
followed by an orderly progression to more accurate re- 
sults as this becomes important in later phases. 

Calculations 

The model simulates the process.ng of the vehicle 
event by event, through all of the events prescribed in the 
time bar ,  and in accordance with the constraints identi- 
fied in the time bar. This logic is contained in the Logic 
Section of the model. When the processing of an event 
i s  simulated, the opportunity i s  provided for a failure to 
occur o r  not to occur in accordance with the probability 
of failure as calculated in the Data Bank for each item of 
equipment operating for the time associated with the nor- 
mal completion of the event. If the failure occurs, the 
processing time for the event i s  increased by the time 
required to repair the failure. If the restoration of the 
system requires  repetition of certain events, the oppor- 
tunity is again provided for failure to occur in these events. 

Failure probability distributions and repair time prob- 
ability distributions a r e  calculated in  the data bank and 
discrete values of these parameters a re  selected for 
each attempt by reference to a random number generator 
using the standard Monte Carlo technique. The sum 3f 
the time spent in each event or group of events is taken, 
reflecting the constraints and logic of the sequence. The 
total time to process i s  compared with the duration of 
the launch window. If the processing is successfully 
completed during the launch window, the launch attempt 
is successful. The ratio of the number of successes to 
total attempts over a large number of attempts is termed 
Launch Vehicle Availability. 

During the execution of the simulation, the Logic 
Section interrogates the Data Bank to obtain: 

1. Nominal event duration; 
2 .  Failure or success decision; 
3.  Repair time; 
4. Special routing instructions - restore  events 

This arrangement allows frequent updating of the 
information in the data bank to reflect the most current 
and accurate information available. Most significant, 
these changes can be made without distrubing the h g i c  
Section. Conversely, a minimum effort is required to 
make changes in the Logic Section. 
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The intent is  not to discuss the dctails of the com- 
puter/program mcchanics but to present the fundamen- 
tals of the model. Consequently, thc iiiaimcr in which 
tlc.cisioii rulcs for fnilurcs arc formulated. repair times 
:UT gcncrated, and restore  evcnts a r e  deter mined will 

clisvusscd . 

b 

E vcnt Simulation 

CO M P L  E T  E: 

.EVENT 

OQEPAIR 
r - 

It is assumed that the frequency distribution of failures 
will follow the Poisson's Probability Law. The frequency 
of failure i s  dependent upon the failure ra te  of the equip- 
ment operating within the event, its operating time, and 
the events duration, each of which is inpuc to the Data  
Bank. 

C O M P L E T E  
a PORTION OF b 

EVENT 

0 REPAIR 

T 

RESTOR E 
EVENT 

a = failure rate of the ith equipment item in the event. 

t = operating time of the ith equipment item in the 
event. 

T = Event duration. 

If the T F  is greater than the event duration T ,  the event 
is successful and the processing continues providing al l  - 

When an event is simulated (Fig 8) a decision is made 
on xvhether or  not a failure will occur and if so what the 
time to failure (TF) is. The decision is made by evaluating determined by Picking a value f rom a repair time histogram 
equation (1) for  T by substituting for X a random number 
on the interval 0 , l .  The equation is derived from the is then recorded. 
Poisson's Probability law where the probability of exactly 
P. failures during time T is e -.'T 

constraints have been satisfied. If T F  is equal to or 
less  than T ,  a failure occurs. A repair  time i s  then 

for  the event, see Figure 9.  The repair time selected 

3 ( 1) 
.i! 

EVENT SIMULATION 
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The next step is to determine if any events must be repeat 
ed; and if so, what the restore event is. The procedure is 
the same as that described for repair time and T is also 
illustrated in Figure 9. If there is no restore  event, then 
the event processing is completed and the repair  time 
added to the nominal processing time. If a scrub is in- 
dicated, then the launch attempt is terminated. Assuming 
that a series of events must be repeated, then when 
the timc to failure (TF) is reached, the processing is 
interrupted, repair  time added, and then the program 
begins processing again at the restore  event specified. 

outputs 

The outputs obtained from the model are;  Launch Vehicle 
Availability, Event Ranking; Equipment Ranking; 
Sensitivity Analyses; Events Lists; and, Equipment 
Operating Profile. 

Launch Vehicle Availability is discussed on Page 12. 

Event Ranking in order of increasing probability of 
success are shown in Fig. 10. This is the top ten 
events out of the 500 events required to process the 
vehicle for launch. The Model ranks the events by 
considering the equipment required to perform the 
event, its failure characteristics, and operating time 
within each event. This data is a routine printout of 
the Data Bank. 

Equipment Rankinvs are illustrated in Fig. 11. These 
printouts show the equipment associated with each 
event and the percent contribution to the probability 
of success that each item of equipment makes. 

SCRU 

.5 .7 1.0 

CUMULATIVE 
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e.g.: RN= .4  

. 4 < . 5  
.*. E2100 IS 
THE RESTORE 
EVENT 

'e 9 

Sensitivity Analysis results are shown in Fig. 12 
for changes in reliability and maintainability. These 
curves are obtained by exercising the model with 
arbi t rar i ly  changed reliability and maintainability 
characteristics. 

The Equipment Operating Profile gives the total operating 
time for each item of equipment in support of each 
event and the total operating time in support of a l l  the 
events. Fig. 13 shows a printout of the operating 
profile from the model. 

INTERPRETATION O F  OUTPUTS 

As stated previously, the objectives of this effort 
are to develop an understanding of the Saturn V 
System, to identify major contributors to non-success' 
and to establish courses of action to improve the non- 
success contributors. To satisfy this objective, the 
outputs from the Model must be interpreted. The most 
significant output is Launch Vehicle Availability. It is 
the pr imary measure of system effectivensss and i ts  
absolute value provides the best available understanding 
of whether or  not the Saturn V will do i ts  job during the 
prelaunch phase. The change in  Launch Vehicle Avail- 
ability when changes in parameters of the system are 
exercised in the Model provides a measure of the 
effectiveness of each proposed change. The remaining 
outputs are employed primarily to identify which 
elements of the system should be considered f i r s t  in 
order  to identify problems and maximize the pay-off 
from the corrective action. The events in the upper 
portion of the event ranking (Figure lo), for instance, 
are those in which the largest number of failures 
occur. Each event that is high in this ranking may not 
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necessarily contain a r e a l  problem, but by examination 
of the detailed parameters of these events, one is most 
likely to identify the real problems. Similarly, the 
equipment is ranked both by successful probability and 
by expected schedule delay. The real trouhle-makers 
in the system are expected to be high in onc or  both of 
these rankings. 

Sensitivity analyses indicate how the system reacts  to 
changes in i ts  parameters. 
;,ariation in  system effectiveness is assessed as design 

By these analyscs the 
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F igure 14 

parameters of thc equipnient a r e  changed, the events 
are resequenccd,or tests 'are added to or  deleted from 
the sequence. Fig. I2 shows a comparison of the 
resul ts  of niakmg m i l  )r iiw-ovements in the reliability 
o r  the maintximbilitj .f the system. Fig. 14 shows 
thc impact on b u n  h -\ e h d e  Availability if the allowable 

EQUIPMENT OPERATING PROFILE 
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tlnie to 1:tunch withill the launch uindow is  further 
rcs t r i i tcd by the need to update the navigation program. 
13g dcvcloping a complettl understanding of the system 
Iwhavior as a result o f  scrutiny of sensitivity analyses, 
the sgstvm analyst gggi~rs an undrrstanding of where re- 
sowccs should be concentratcd to acquire the most 
co st-cffcctivc rcsults. 

[Vhen the areas for improvcnicmt haire been identified, 
the trade studies a r e  initiated to develop a alternate 
solution. The trade studies drvelop potential alternate 
courses to improve the situation. Thesc are evaluated 
considering appropriate factors such as the change in 
systcm effectiveness, tcchnical fcasibillty, schedule 
feasibility, cost, etc. 
recommendations are formulated and forwarded to the 
customer. If he decides to implement a recommendation 
the appropriate revisions are made to the system baseline 
a i d  Model. 

Based on these evaluations, 

RESULTS 

Results obtained from the analyses described in 
this report  include: the identification of requirements 
for  the ground support system; verification that the 
total system design satisfies all the functional require- 
ments for the prelaunch phase; focusing of management 
attention on significant problems that could become 
program stoppers without this attention; recommendations 
for  systcm improvement that could save over 7 million 
dollars per launch, and continuing assessment of system 
effectiveness in the prelaunch phase. 

Support system requirements identified by the opera- 
tions and maintenance analysis includc the detailed design 
rt.cpircments for ground support equipment. Existing 
equipment designs have been assessed against these 
requirements resulting in the need to buy 40 additional 
itcnis of ground support equipment and modify six. More 
important, the analyses verify that the equipment pur- 
chased and modified will satisfy the operational require- 
ments for processing the vehicle. 

Another significant achievement is the identification of 
several problems that could have become program 
stoppers, had not vigorous management action been 
taken. These problems have been brought to the 
attention of top NASA program management pcrsonnel in 
monthly briefings. A top-10 problem list has been main- 
tained in  the program control center, and the program 
manager has  directed his personal attention to these top-10 
problems. Since no one likes to be in the spotlight for 
having the top program problem, vigorous action occurs 
a t  a l l  levels in an effort to resolve it, In some cases the 
solutions become apparent through the analysis activity, 
but more often, the analysis and problem identification 
simply acted as a catalyst to make vigorous management 
action take place. 

Improvements a r e  the result of a trade-off of para- 
meter s such as equipment reliability, equipment main- 
tainability, cost, safety, operational concepts, mainten- 
ance concepts, processing time and launch window 

constraints. 
total systcmi ~inp.ovcment that i s  feasible within the 
boundaries of program constraints, such as budget and 
launch schedulcs. 

formed arc: 

l'hc ba!ance of these trade-off's will be the 

A summary of the trade studies that have been per- 

A Report on Ambient Helium Sphere Pressurization 
recommcnd~~d that helium spheres should not be vented 
before transporting the vehicle to the Pad.  I t  was con- 
cluded that this procedure would save helium, test time, 
and would elimmate a possible hazard to personnel. 

An Investigation Into The S-I1 Bulkhead Ultrasonic 
Test  recommended elimination of the operational re- 
quirement for an ultrasonic check of the s-I1 Stage com- 
mon bulkhead during Low Bay operations. 

A Review Of Saturn V Propellant Loading Sequence 
recommended a change in the sequence of events to re- 
duce countdown time. 

Low Bay Versus High Bay Propellant Tank Leak 
Test recommended performing the S-I1 and S-IVB pro- 
pellant tank leak tes ts  in parallel in Low Bay instead of 
in ser ies  in High Ray. 

- Abbreviated Wet TanEqg  Test recommended con- 
ducting partial instead of 1 C O  percent loading of propel- 
lants during wet tanking, rhus saving loading time and 
propellants and concomitant detanking time. 

Resequencing of Events - LES Installation recom- 
mended installing the flight Launch Escape System (LES) 
in High Bay instead of on the Pad, because this provides 
a complete vehicle during several tests, reduces per- 
sonnel hazard on the Pad, and saves critical Pad time. 

Paral le l  Versus Series Sequencing Of Spacecraft 
And Launch Vehiclc Evcnts recommended sequencing cer-  
tain spacecraft and launch vehicle events in parallel in- 
stead of in ser ies  in High Bay. 

Redundant Space Vehicle Testing In  High Bay recom- 
mended the elimination of several redundant tes ts  and 
the resequencing of other tests. 

F-1 Engine Thermal Insulation investigated the 
feasibility of reducing the installation time and complex- 
ity of the thermal blanket installation. A metal shield 
was recommended that would replace the current cocoon 
over the engine and would result in a reduction of iastal- 
lation time from 1,120 manhours to approximately 840 
ma d o u r  s . 

Mating Of The Instrument Unit To The S-IVB Stage 
In  Low Bay investigated the feasibility of mating the I U  
and S-IVB Stage in Low Bay instead of in High Bay. The 
use of a proposed adapter ring between the S-IVB For- 
ward Protective Ring, would result in significant reduc- 
tions in processing time and consequent cost savings can 
be realized. Figure 15 i s  a summary of the resul ts  of 
these trade studies and shows the resulting changes in 
parameters. 
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